Purpose Standardized surgical training is increasingly confronted with the public demand for high quality of surgical care in modern teaching hospitals. The aim of this study was to compare the results of laparoscopic cholecystectomy (LC) performed by resident surgeons (RS) and attending surgeons (AS). Methods In this retrospective review of prospectively collected data 1,747 LC were performed in a community hospital between 1999 and 2009. Seven hundred seventy operations were performed by RS. Parameters analysed included the duration of operation and length of hospital stay, intraoperative complications, 30-day morbidity and mortality. Results Duration of operation was 88 (25-245) min for RS vs. 75 (30-190) min by AS (p=0.001). Elective operations were shorter when performed by 
Introduction
Since the first laparoscopic cholecystectomy (LC) was performed in the late 1980s [1] , this procedure has become the treatment of choice in symptomatic cholelithiasis as well as in acute and chronic cholecystitis [2] . Because of the good results, the public interest has increased considerably over the following years [3] . This demand has led to an increased pressure on young surgeons to learn laparoscopic skills in the early stage of their surgical training [4] .
Laparoscopic surgery is technically more demanding than open procedures and requires good three-dimensional perception skills. In addition, tissue handling in laparoscopic surgery is different to open procedures, as organs (e.g. intestine, gallbladder, liver) by nature cannot be felt directly. In contrast to open procedures, laparoscopic operations are often performed by experienced surgeons, therefore young surgeons may experience a delay in their surgical training. Resident surgeons (RS) need a structured surgical training with appropriate instruction of an attending surgeon (AS) during the surgical procedures to avoid complications during the learning curve [5] .
Standardized, efficient surgical training is increasingly confronted with the public demand for high quality and cost effectiveness of surgical care in modern teaching hospitals [6] . This leads to a controversy in teaching hospitals to overcome the problem of high surgical quality on the one hand and the necessity of education of surgical trainees [7] on the other hand. Previous studies have shown that operations performed by resident surgeons were associated with higher costs [8, 9] but without higher perioperative morbidity for patients treated by them [8, [10] [11] [12] .
In this study we have chosen to analyse the LC as a frequently performed laparoscopic procedure which is nowadays part of the basic surgical training in many institutions. Our study is one of the largest single-centre investigations on LC concerning teaching issues in Europe. Residents in their third year started to perform LC in supervision of an attending surgeon. All operations were based on strict internal guidelines and routine use of intraoperative cholangiography. The aim of our present study was to analyse whether LC as a standardized teaching operation is safe in the hands of RS when compared to AS with respect to general and specific operative morbidity, mortality, duration of operation and length of hospital stay.
Material and methods

Clinical setting
The study was performed in a 300-bed community hospital in an urban environment of about 1.5 million inhabitants. Between January 1, 1999 and December 31, 2009, 1,747 LC were performed because of biliary colic, acute or chronic cholecystitis. All operations were started as laparoscopic procedures. Strictly defined surgical training residents with at least 2 years of surgical practice performed LC and were all assisted by AS to provide the highest level of patient's safety.
Operative technique
The operative technique was performed in a standardized manner. Creation of the pneumoperitoneum was performed using the Veress needle, and in total, four trocars were inserted. Initially preparation of the triangle of Calot was performed from postero-lateral to reach the "critical view of safety" to identify and dissect the cystic duct and cystic artery. After clipping the cystic duct distally, intraoperative cholangiography was performed routinely (Fig. 1a, b) . In case of bile duct concrements, the further operative steps were dependent on the findings: concrements near the cystic duct were attempted to be removed by a Fogarty manoeuvre. Alternatively, endoscopic retrograde cholangiopancreatography was performed postoperatively to remove residual stones. After removing the catheter, the cystic duct was clipped twice and the gallbladder was dissected of the liver bed after clipping and dissecting the cystic artery and finally removed by using an endobag.
Data collection
This retrospective analysis was based on a prospectively led clinical database of the AQC (Swiss quality working group, [13] ), a voluntary quality working group of Swiss surgical departments. All data are entered in a centralized database (Qualicare; Qualidoc, Liebefeld-Bern, Switzerland) and are analysed by each surgical department.
All data were obtained and analysed according to the University of Zürich Institutional Review Board guidelines and in strict adherence to the ethical guidelines for human research of the Swiss Academy of Medical Sciences (Schweizerische Akademie der Medizinischen Wissenschaften; http://www. samw.ch/docs/Richtlinien/d_Forschungsunters.pdf.).
Clinical outcome parameters
Baseline demographic data were recorded as gender, age, American Society of Anaesthesiologists (ASA) score, elective or emergency procedure. Furthermore surgical expertise (RS vs. AS), duration of operation, length of hospital stay, 30-day perioperative morbidity and mortality were analysed. Bile duct injuries (Amsterdam criteria), number of vascular injuries, bowel or splenic lesions were considered as intraoperative complications.
Statistical analysis
Data are presented as median and range. Descriptive and univariate groupwise statistical analysis were performed using SigmaStat 3.11.0 (Systat Software, Richmond, CA, USA) with p<0.05 defined as statistically significant.
Results
Study collective
A total of 1,747 LC were performed during 11 years with a patients' median age of 55 years (16- Table 1 ). The majority of patients treated during the observation period had low ASA scores I-II ( Table 2 ). The proportion of low ASA scores was higher in patients treated by RS, and high ASA scores were predominant in patients treated by AS.
Intraoperative course
Overall duration of operation was 88 (25-245) min for RS vs. 75 [AS] n =15 (1.5%)). Overall intraoperative complications such as bile duct injury, vascular injury, bowel injury or splenic injury were documented in 1.2% (n = 21) and were independent of the surgeons status (n =8; 1.0% [RS] vs. n = 13; 1.3% [AS], p =0.6; Table 3 ). In case of bile duct injuries, there were only minor bile duct leaks (type A lesions) and no major leaks (type B lesions), strictures (type C lesions) or complete dissections (type D lesions). Vascular injuries of the cystic artery were resolved by additional clipping of the vessel. Bowel injuries due to, e.g. caustic lesions were laparoscopically sutured. Haemostasis in case of splenic lesions was achieved by using a hemostyptic gaze. Subgroup analysis showed that patients with ASA score III and IV were more frequently operated by AS when priority was urgent, whereas patients with ASA score I/II and elective setting were more often treated by RS (Table 4) . No significant differences were observed between patients treated by RS and AS regarding postoperative complications or mortality (Table 4 ). There were also no significant differences regarding the length of hospital stay of patients treated by RS or AS (Table 4 ).
Discussion
Our study shows that LC can be performed by RS with comparably low intraoperative and postoperative morbidity and mortality as by AS. As expected, the duration of operation was longer in cholecystectomies performed by RS, with this difference being greatest in elective operations. This fact is explained by the lower experience of RS in elective laparoscopic surgery before the operative time will decrease upon completion of the learning curve [9, 12, 14] .
Hobbs et al. [15] showed that intraoperative complications occurred in 1.37% of patients undergoing LC by a surgeon with an experience of one to 50 procedures compared to 0.8% complications by surgeons with an experience of more than 300 LC. Nevertheless in our study, there were no differences in intraoperative complications in LC performed by RS when compared to AS. This might be explained due to the fact that all operations performed by RS were instructed by experienced AS, thereby avoiding potential iatrogenic injury due to intraoperative misconception. In addition to that, the incidence of intraoperative complications was influenced by a bias in patient selection towards potentially "easier cases" for teaching operations and the surgical experiences of the RS as well. To provide a structured education and improve the technical skills of young surgeons, an appropriate instruction by experienced surgeons is mandatory. Likewise, the resident benefits by the presence of an experienced attending surgeon and frequently made technical mistakes during the learning curve can thereby be avoided [5, 10] .
In our study emergent LC were predominantly performed by AS whereas elective procedures were performed similarly frequent by RS and AS. This might be explained due to clinical daily routine with anticipation of complications in patients in poor general condition (ASA score III and IV) and higher vulnerability of the gallbladder due to inflammatory reactions. Whereas patients undergoing an elective LC are mostly healthy with low ASA score and were therefore more frequently being performed by RS. In general, postoperative complications in our study were more frequent after emergent LC than in elective operations which correspond to a previous report of 22,953 LC with about twofold higher risk of postoperative complications in patients with acute vs. chronic cholecystitis [2] . Compared to this study, our rate of postoperative complications with about 6.8% was lower than previously reported 12.2% [2] . Intraoperative complications such as bile duct injuries, distinct bleeding, bowel or splenic injuries were rare in both groups and showed no significant differences between RS and AS. The rate of bile duct injuries with 0.3% in our collective was comparable to other studies with 0.23% to 0.4% [11, 16] . Regarding the Amsterdam classification of bile duct lesions [17] , all bile duct injuries in our series were type A lesions which could be treated by placing an additional clip during the initial operation and no further surgical intervention was necessary. There was a trend towards a higher rate of bleedings in case of operations performed by AS but without statistical differences in the outcome of these patients. This fact may be explained by the higher operative experience of AS and thereby potentially a lack of fear or respect of intraoperative iatrogenic bleeding complications.
Waage et al. [16] showed in a study of 152,776 cholecystectomies a significant decrease of bile duct injuries when intraoperative cholangiography was used. Hobbs et al. [15] could demonstrate that the risk for bile duct injuries was decreasing with surgeons experience and with the use of intraoperative cholangiography. Strasberg et al. [18] described in 1995 the technique of "critical view of safety" with dissecting the Calot's triangle free of fat and fibrous tissue in order to obtain a clear view on the cystic duct and artery. In our institution both techniques of intraoperative cholangiography and "critical view of safety" are performed and are responsible for the small rate of bile duct injuries. The value of intraoperative cholangiography has been extensively debated in the literature [15, [19] [20] [21] . Advantages of conducting routine cholangiography during LC are to retain the ability to perform this measure in cases of questionable anatomy or patency of extrahepatic bile ducts. In our opinion, apart from safety reasons, the use of intraoperative cholangiography is its value as an educational tool to improve laparoscopic skills, despite prolonging the operation for a few minutes and having to use C-arm fluoroscopy. In summary, we believe that LC is a safe procedure in the hands of RS-provided adequate supervision and when performed within a clearly defined teaching scenario including standardized operative steps. In contrast to other studies, we have actually found a higher rate of postoperative morbidity in LC performed by AS than by RS but with an overall low rate [4, 8, [10] [11] [12] . This fact may be explained by a selection bias of patients treated by AS with reduced general condition and higher ASA score.
Despite observing a decrease in overall mortality from 1% to 0.3% during the study period, our overall mortality of 0.6% is slightly higher than that of several previous reports (ranging from 0.3% to 0.5%) [2, 22, 23] . Mortality was higher in urgent (1%) than elective LC (0.3%) and was to our surprise not associated with surgeons' experience. Furthermore, mortality in urgent LC decreased from 1.6% in 1999 to 0.6% in 2009, a figure that compares well to a recent large Scottish study by Scollay et al., in which mortality in urgent LC dropped from 1.3% in 1997 to 0.55% in 2006 [24] . While it appears that gross mortality rates exceed today's standards, the authors believe that the subgroup of patients with high ASA scores require separate consideration: Most fatalities in our study were attributable to nonsurgical complications such as perioperative myocardial infarction or congestive heart failure typically seen in ASA score III and IV patients. Similar to our and the aforementioned Scottish trial [24] , Murphy et al. [23] could demonstrate that advanced age, comorbidities and male gender are key factors associated with in-hospital complications in their analysis of 1,102,071 LC patients. In fact, Melloul et al. in their comparison of percutaneous drainage vs. emergency LC in acute cholecystitis in critically ill patients found mortality rates of 13% (drainage) and 16% (LC), highlighting the potential risks in this vulnerable group of patients [25] . By nature of our study design, no specific inferences may be drawn on the differences in perioperative risk in ASA score III/IV patients assigned to surgical vs. nonoperative treatment of acute cholecystitis. In fact, the authors believe that there is a need for future welldesigned prospective trials to provide better risk stratification for either treatment in patients with cholecystitis, especially elderly patients with higher ASA score.
The policy of our hospital is to avoid open cholecystectomy whenever technically feasible. During the observation period, there was actually not a single primary open cholecystectomy, and primary open cholecystectomies as part of other visceral surgery procedures such as liver resections, biliary tract resections due to cancer or pancreas resections (Whipple procedures) were excluded from analysis. The conversion rate of 1.4% was independent of the surgeon's experience and much lower than most reported rates in the literature with 5% to 19% [2, 11, 12, 18, 22, 26] , probably reflecting the motivation of the authors to stay with laparoscopy whenever justifiable. In contrast to our results, other authors actually reported higher rates of conversion in LC performed by AS compared to RS [12, 27] . Despite the low rate of conversion, there was not an increase of intraoperative complications seen in our study. All intraoperative complications which occurred were managed laparoscopically, and no conversion was necessary due to intraoperative complications. Because of the small number of intraoperative complications, statistical analysis revealed no differences on patient's outcome.
One third of our LC were performed as emergency procedures which is a high rate when compared to other studies such as the one by Giger et al. with 14.7% urgent LC [2] . This might be explained with our policy to perform LC during the initial admission whenever feasible. Our results of urgent LC as a teaching operation are comparable to a recently published study which showed that emergent LC can be performed safely by RS [27] .
Surprisingly, the length of hospital stay was shorter in patients treated by RS compared to those treated by AS which is comparable with a previous report with shorter length of hospital stay in LC performed by RS with 1 vs. 2 days in patients treated by AS [27] . The difference of length in hospital stay in our study might be explained by patient selection and concomitant diseases of patients treated by AS, which is coherent to our findings concerning preoperative ASA scores and patient age.
In our study overall length of hospital stay of both groups was longer than compared to previous reports [8, 10] . This fact is likely not caused by the patient's general condition but may rather be a reflection of the Swiss healthcare system which is comparable to Germany [28, 29] or Austria [26] . Patients in some European countries, including Switzerland, receive longer inpatient treatment until they achieve a higher level of independence before being discharged home compared to the mostly American literature. At the same time, the costs of such longer hospital stays are covered by healthcare providers.
As limitations of this retrospective study should be noted, by nature, this study was performed in a retrospective manner, without randomization to either RS or AS treatment. By nature, more complex operations in "sicker" patients were performed by AS and the more "simple" cases performed by RS. This implies a selection bias in favour of the operative results achieved by RS. Furthermore, there was no individual differentiation between resident's or attending's surgical experience level. Also, it was not possible to differentiate operations that were only partly performed by RS, in which critical steps may have been performed by the AS present. The problem of nonrandomization pertains to any retrospective analysis of outcome registries, such as a recently published study by Raval et al. [30] . In their analysis of 607,683 surgical patients, a higher morbidity but equal or even lower mortality was observed in most subgroups of patients when operated by AS, which may again be explained by a potential selection bias in that RS on average tended to operate "simpler cases in healthier patients". Despite these limitations, we are convinced that our results reflect the real-life situation in a teaching hospital and emphasize the fact that equally good surgical outcomes may be achieved in patients operated by RS, and provided sound patient selection by the responsible AS is assured.
Conclusion
In conclusion, we report our experiences during a time period of 11 years of a series of laparoscopic cholecystectomies in a Swiss community hospital. We demonstrate that in face of adequate patient volume, appropriate teaching, selection and surveillance of surgical residents and adequate selection of patients feasible for resident laparoscopy training, laparoscopic cholecystectomies performed by residents are equally safe and associated with a morbidity and mortality as low as cholecystectomies performed by attending surgeons on the basis of short-term outcome parameters.
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